Background: Early appropriate antibiotic treatment is essential in sepsis. We aimed to evaluate the impact of a multifaceted educational intervention to improve antibiotic treatment. We hypothesized that the intervention would hasten and improve the appropriateness of empirical antibiotic administration, favor de-escalation, and decrease mortality.
Background
Sepsis, a life-threatening organ dysfunction due to dysregulated host response to infection, is common and its incidence seems to be increasing [1, 2] . About a quarter of patients with sepsis go on to develop septic shock [3, 4] . Sepsis is associated with high morbidity and mortality [1, 2, 5] . The Surviving Sepsis Campaign (SSC), an international effort to optimize treatment for sepsis through evidence-based guidelines, has resulted in sustained continuous quality improvement associated with decreased mortality [6] . In Spain, a nationwide effort based on the SSC, the EDUSEPSIS intervention, succeeded in improving process-of-care and outcome measures [7] .
Infection control is the cornerstone of treatment, and both the timeliness and appropriateness of empirical antibiotic treatment are considered essential aspects of sepsis management [8, 9] . The SSC guidelines recommend administering empirical broad-spectrum antibiotics within 1 h of identification of sepsis [10] . This recommendation is supported by a secondary analysis of the Edusepsis study, which showed that early administration of broad-spectrum empirical antibiotics was the component of the SSC bundles most strongly associated with increased survival [11] . Several studies have identified worse outcomes associated with delays in administering appropriate antibiotic treatment [1, 2, [12] [13] [14] [15] and with inappropriate antibiotic therapy [12, 13, 16] . The SSC guidelines also recommend reassessing antibiotic treatment to determine whether de-escalation is possible, and failure to de-escalate might be associated with worse outcomes [8, 16, 17] and could lead to development of resistant microbes [8, 18] .
Given the importance of infection control in sepsis management, we designed a multifaceted educational intervention to improve antimicrobial therapy in patients with sepsis: the Antibiotic Intervention in Severe Sepsis (ABISS) study. We hypothesized that the intervention would decrease the time to the administration of empirical antibiotics, increase the proportion of patients receiving appropriate empirical antibiotics, favor de-escalation, and decrease mortality.
Methods
Through the Edusepsis study group and the Spanish Society of Critical Care Medicine's working group on infectious disease and sepsis, we invited 115 centers throughout Spain to participate in a national educational intervention to improve infection control: the ABISS-Edusepsis study. A total of 72 medical-surgical intensive care units (ICUs) located throughout Spain took part. The study was approved by our institutional review board (reference 2,011,521) and the ethics committees at each participating center approved the study protocol and waived the need for informed consent because the intervention was a quality improvement program and patients' anonymity was guaranteed.
Study design
We designed a before-and-after study to compare a preintervention cohort consisting of all consecutive patients with severe sepsis or septic shock admitted to the participating ICUs in the 4-month period before the educational program began (April-July 2011) against a postintervention cohort in the 4-month period immediately after the intervention (April-July 2012). The intervention took place over a 3-month period (January-March 2012) during which no patient data were collected. Furthermore, to assess the long-term impact of the intervention, we analyzed a third cohort 6 months after the postintervention period (January-April 2013).
The study sites, study design, data collection, and quality-control measures are detailed in Additional file 1. Severe sepsis was defined as sepsis associated with organ dysfunction unexplained by other causes. Septic shock was defined as sepsis associated with systolic blood pressure < 90 mmHg, mean arterial pressure < 65 mmHg, or a reduction in systolic blood pressure > 40 mmHg from baseline despite adequate volume resuscitation [19] . The onset of sepsis (T 0 ) was determined according to the patient's location within the hospital when sepsis was diagnosed: we used the time of triage for patients diagnosed in the emergency department and searched the clinical documentation for clues indicating the time of diagnosis for patients diagnosed in the wards or the ICU (see Additional file 1).
Intervention
Between January and March 2012, we implemented a multifaceted educational program to train physicians and nursing staff in the emergency department, medical and surgical wards, and ICU in sepsis care, with special emphasis on antimicrobial management. Training included primary sepsis care focused on timing and strategy of empiric measures against infection. The intervention consisted of educational outreach, periodic reminders, auditing and feedback, and a videogame. The educational outreach included interactive educational sessions in which the local leader gave a 30-min slide presentation based on the SSC guidelines recommendations focused on the importance of (a) infection control in sepsis, (b) the timeliness and appropriateness of empirical antibiotic administration, and (c) de-escalation of antibiotic treatment. Each center was provided with pocket guides and posters with recommendations from the Spanish Society of Critical Care Medicine and Coronary Units. To facilitate antibiotic prescription, researchers preferentially used their local guideline or an electronic clinical decision support system (www.es.dgai-abx.de). Attendees received weekly email and cellphone text reminders reiterating the most important points from the educational outreach program. Additionally, a videogame was developed to provide staff attending septic patients (http://www.edusepsis.org/en/training.html) with opportunities to put the guidelines into practice with simulations. The educational intervention is detailed in Additional file 2.
Process-of-care and outcome measurements
We recorded demographic characteristics (age and sex), Charlson Comorbidity Score, diagnosis on admission (medical, emergency surgery, elective surgery), source of sepsis, type of infection (community-acquired, healthcare-related, hospital-acquired, or ICU-acquired), Sequential Organ Failure Assessment (SOFA) scale on admission, and worst Acute Physiology and Chronic Health Evaluation (APACHE) II score during the first 24 h in the ICU.
We recorded the following process-of-care variables related to empirical antibiotic treatment: drugs administered, time initiated, appropriateness, and de-escalation. Time to first antibiotic administration is reported as the difference between onset of sepsis and first antibiotic administration. Empirical treatment was classified as appropriate (when ≥ 1 of the drugs administered was considered effective based on the susceptibility in the antibiogram of the causative microorganism isolated in cultures), inappropriate (when the above criterion was not met), or indeterminate (when no causative microorganism was isolated in cultures or no cultures were taken). Antibiotic strategies once culture results were available were classified as "de-escalation" (switch to or interruption of a drug class resulting in a less broad spectrum of coverage, "no change" (empirical therapy maintained without modification), or "change" (due to poor clinical evolution, uncovered microorganism, possible toxicity, or other reasons).
We also recorded time from T 0 to other acts and targets prescribed in the SSC guidelines: measuring serum lactate, obtaining blood cultures, and administering fluids and/or vasopressors in patients with hypotension and/or lactate > 4 mmol/L [10] .
Patients were followed up until death or hospital discharge. The primary outcome variable was hospital mortality. Secondary outcome measures included days on mechanical ventilation, days on vasopressors, hospital and ICU lengths of stay, and ICU mortality.
Statistical analysis
Descriptive statistics included frequencies and percentages for categorical variables and means and standard deviations (SD) for continuous variables. To compare categorical variables, we used the chi-squared (χ2) test or Fisher's exact test as appropriate. To compare continuous variables, we used Student's t test or the Mann-Whitney U test as appropriate.
To assess the effectiveness of the intervention, we compared the values of the process and outcome variables recorded in the preintervention cohort against those recorded in the postintervention cohort. To assess long-term effectiveness, we compared the values recorded in the long-term follow-up period against those recorded in the postintervention period in the same subset of hospitals.
We used multivariate linear regression to determine the association between the intervention and time to antibiotics after adjusting for possible confounders. Moreover, as a sensitivity analysis, we performed segmented regression analysis to estimate the size of the effect of the intervention for reducing time to antibiotic.
We used multivariate stepwise logistic regression to assess the impact of the intervention on outcome (hospital mortality). Variables entered in the logistic regression model were those with a relationship in the univariate analysis (p ≤ 0.1) or with a potential plausible relationship with the outcome. The final model included the intervention, age, sex, comorbidities, APACHE II, SOFA, type of infection, and source of sepsis as independent variables. Statistical tests were two-tailed. We used SPSS version 15.0 (SPSS, Chicago, IL, USA) for all analyses.
Results

Patients characteristics
A total of 2628 patients (mean age 64.1 (15.2) years; mean APACHE II score 22.0 (8.1); 64% male) were included during the preintervention (n = 1352) and postintervention periods (n = 1276). Table 1 reports the demographic and clinical characteristics of the patients in these two cohorts. Compared to patients in the preintervention cohort, those in the postintervention cohort had slightly less severe illness and had a greater proportion of community-acquired infections. There were no differences in age, sex, or SOFA scores. Diagnosis on admission was mainly medically or surgically urgent in both cohorts and the main sources of sepsis in both periods were pneumonia and acute abdominal infections.
Compliance with three of the six tasks in the 6-h resuscitation bundle (lactate measurement, blood cultures before antibiotics, and early administration of broad spectrum antibiotics) improved significantly after the intervention (see Fig. 1 ). Compared to the preintervention cohort, the mean time from sepsis onset to empirical antibiotic therapy was shorter in the postintervention cohort (2.0 (2.7) vs. 2.5 (3.6) hours; p = 0.002). The proportion of patients receiving inappropriate empirical antibiotic treatment decreased from 8.9% in the preintervention cohort to 6.5% in the postintervention cohort (p = 0.024) and the proportion of patients in whom antibiotic treatment was de-escalated was higher in the postintervention cohort (20.1% vs. 16.3% in the preintervention cohort; p = 0.004) (see Fig. 1 ).
After adjustment for severity of illness, type and source of infection, and demographic characteristics, mean time to first antibiotic after sepsis onset was significantly lower in the postintervention group (− 0.45 (95% CI − 0.75 to − 1.56); p = 0.003) (see Additional file 3: Table S1 ). Figure 2 shows the time series of mean time to first antibiotic after sepsis onset per month in the preintervention and postintervention periods. The segmented regression analysis found a significant change in level (− 0.92 (95% CI − 1.51 to − 0.33); p = 0.010), indicating an abrupt intervention effect (see Additional file 4: Table S2 ). Table 2 reports the outcome variables. No significant differences were observed in any of the outcome variables. Overall hospital mortality (29.9%) did not differ between cohorts. Multivariable logistic regression (Table 3) to Start of postintervention period adjust for possible confounders showed no relationship between intervention and hospital mortality.
Long-term follow up
Fifty centers participated in a 4-month follow-up study to measure the long-term effects of the intervention (n = 830 patients). Compared to patients from the postintervention cohort, those in the long-term cohort had lower mean Charlson score and there was a higher proportion of patients with pneumonia (see Additional file 5: Table S3 ). The percentage of patients in whom care complied with resuscitation measures was stable with respect to the postintervention cohort. Time from sepsis onset to empirical antibiotic therapy increased slightly but not 
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i n l e s s t h a n significantly in the long-term cohort and the proportion of patients in whom antibiotic treatment was de-escalated remained unchanged (see Additional file 6: Table S4 ). No significant differences were observed in the outcome variables (see Additional file 7: Table S5 ). Multivariable logistic regression showed no relationship between the intervention and hospital mortality (see Additional file 8: Table S6 ).
Discussion
This large-scale multifaceted educational intervention improved the overall use of antibiotics in sepsis, improving efficacy by lowering the time from sepsis onset to antibiotic treatment and increasing the proportion of patients who received appropriate empirical treatment and also improving safety by increasing the proportion of patients who received appropriate de-escalation. Importantly, gains observed after the intervention were maintained in the long-term follow-up period.
These results lend strength to a growing body of literature showing that educational interventions can improve the process of care in different contexts and conditions [15, [20] [21] [22] [23] [24] . However, Ramsay et al. [25] reviewed the effectiveness of interventions to improve antibiotic prescribing in hospital inpatients and concluded that most studies supporting these interventions had fundamental flaws in design and/or execution, pointing out that segmented regression analyses are recommendable when analyzing the effects of interventions on process measures. In our data, these analyses estimating intervention effects in interrupted time series studies showed a significant change in level, indicating an abrupt intervention effect, and thus confirming the results of our multivariate linear regression and strengthening the conclusion that the intervention reduced the time to first antibiotic.
Since multifaceted interventions appear to be more effective than more limited approaches to changing behavior [26, 27] , we aimed to strengthen the intervention by including various approaches to transferring and reinforcing knowledge. Two of the approaches we used, educational outreach and auditing and feedback, are well-established approaches to knowledge translation; the other two, weekly reminders and an educational game to increase awareness and improve adherence to guidelines, are supported by more limited experiences [28] [29] [30] [31] .
Despite significant improvement in antibiotic treatment, no significant decrease in mortality was observed. One factor that probably contributed to our not identifying an impact on mortality is that our study focused mainly on improving antimicrobial treatment. It is unlikely that a limited intervention at a single point in time would have a profound impact on survival. Seymour et al. [32] in a study with more than 49,000 emergency department patients with sepsis showed a linear association between time to antibiotic and mortality. This study was done after the implementation of a statewide mandate requiring protocolized sepsis care rather than after educational intervention, and compliance with the 3-h bundle was very high.
The decrease in mortality associated with the reduction in time to antibiotic observed in the present study was comparable to forecasts based on previous research. In the Seymour et al. study [32] , the odds of death increased by 4% for every 1-h delay in receiving antibiotics, and Kumar et al. [14] found mortality decreased 7% per hour of reduction in time to antibiotics. We observed a half-hour reduction in time to antibiotic. Interestingly, the observed mortality reduction was practically the same as in the Kumar et al. study: 7.2% per hour (3.6% per half-hour, from 30.5% mortality in the preintervention to 29.4% in the postintervention period).Unfortunately, however, our study was underpowered to detect this difference in mortality; to achieve a statistically significant result with a type I error rate of 5% and 80% power would have required the inclusion of 50,000 patients.
Although delaying antibiotic administration in patients with sepsis is inadvisable, the evidence supporting the mortality benefits of early antibiotic administration is inconclusive. Ferrer et al. [15] , in a study with more than 17,000 patients, confirmed that delayed antibiotic administration is associated with increased hospital mortality. More recently, in a large multicenter sample of patients with sepsis, Liu et al. [33] found a linear association between delays in antibiotic administration and mortality; patients with septic shock received the greatest benefit from early administration. Whiles et al. [34] similarly reported an 8% increase in the chance of developing septic shock for each hour of delay in antibiotic administration. Therefore, the mortality benefits of early antibiotic administration are probably especially important in the most critically ill patients.
A recent meta-analysis of six studies including more than 16,000 patients found no significant mortality benefit of administering antibiotics within 3 h of emergency department triage or within 1 h of recognition of shock, although the inclusion of studies with small samples and heterogeneity among studies may limit the conclusions [35] . In a cluster randomized trial to evaluate the effect of a multifaceted educational intervention for anti-infectious measures on sepsis mortality, the MEDUSA study group [36] found no association between the intervention and impact on time to empiric antibiotic or mortality; however, the authors concluded the intervention was insufficient, inconsistent, and mainly applied only in the ICU. Our results are similar to those of the pediatric substudy of the ABISS-Edupsesis project [37] , a multifaceted educational intervention in children with sepsis and septic shock, which found decreased time to antibiotic administration but not decreased mortality after the intervention, probably due to the small sample size.
Singer [38] questions the importance of earlier antibiotic treatment mainly because the risk of increasing antimicrobial resistance. Our intervention increased the proportion of patients receiving appropriate de-escalation from 16.3% to 20.1%, and these improvements were maintained in the long-term follow-up period. In a recent prospective study, about 35% of patients with sepsis received appropriate de-escalation and de-escalation was associated with lower mortality [39] . A multicenter non-blinded randomized non-inferiority trial in 1116 patients with sepsis found that de-escalation did not worsen patient outcomes [40] .
Efforts to improve the treatment of sepsis, especially those targeting empirical antibiotic administration, need to encompass all levels of care. We targeted all professionals caring for septic patients. For knowledge transfer to benefit patients, it is often necessary to reorganize how care is delivered [41] . The key to improving outcomes in sepsis is motivating professionals to implement evidence-based measures and providing them with feedback about the impact of these measures [42] . To this end, it is important to monitor process-of-care variables and outcome variables. One of the greatest benefits of interventions like ours is their contribution to shaping a culture that fosters the desire to improve, and an ongoing commitment to excellence in patient care [41] .
Limitations
The before-and-after design of our study has inherent weaknesses. The influence of secular trends can be difficult to separate from the effects of the intervention in studies employing before-and-after designs. In these cases, experts recommend using a stepped-wedge design. However, no other major changes in protocol were instituted in the relatively short gaps between the three periods. Not using a control group makes it effectively impossible to ensure that the changes observed after the intervention would not have happened anyway. Although using centers where nothing was done to improve antibiotic therapy for sepsis as a control group might have enabled us to sort out the effects of a possible secular trend, we considered this approach might be unethical. Another argument against uncontrolled before-and-after studies is that it is impossible to ensure that the intervention site is representative and change is merely an expression of regression to the mean [25] ; however, the large number of centers participating in our study safeguard against this. We also performed a segmented regression analysis, a powerful method for estimating intervention effects in interrupted time series [43] .
Although our intervention employed a broad multifaceted approach, other measures such as real-time automated alerting to remind clinicians were not included, and this may be partly responsible for our failure to find a strong effect on outcome. The long-term follow-up analysis (6 months after the postintervention period) might not be late enough to assess the long-term impact of the intervention. Our earlier study found that some improvements were maintained after 1 year [7] , and the very long-term impact of the interventions was recently confirmed in another study between 2005 and 2011 that identified dramatically decreased mortality related to severe sepsis/septic shock [44] .
Despite these limitations, our study has noteworthy strengths. The large number of ICUs that participated enabled us to prospectively enroll and follow large numbers of patients with sepsis in each data collection period and increases the likelihood that our results can be applied in other contexts. Our strict quality control helped ensure a homogeneous database and the validity of our data.
Conclusion
Sepsis is a time-dependent condition in which early empirical antibiotic treatment can improve survival. Both the time from onset to administration of antibiotics and antibiotic de-escalation are modifiable factors worthy of our attention. The ABISS intervention reduced the time to antibiotic administration and the proportion of
